During July 2009 we observed the first confirmed superoutburst of the eclipsing dwarf nova SDSS J150240.98+333423.9 using CCD photometry. The outburst amplitude was at least 3.9 magnitudes and it lasted at least 16 days. Superhumps having up to 0.35 peak-to-peak amplitude were present during the outburst, thereby establishing it to be a member of the SU UMa family. The mean superhump period during the first 4 days of the outburst was P sh = 0.06028(19) d, although it increased during the outburst with dP sh /dt = + 2.8(1.0) x 10 -4 . The orbital period was measured as P orb = 0.05890946(5) d from times of eclipses measured during outburst and quiescence. Based on the mean superhump period, the superhump period excess was ε = 0.023(3). The FWHM eclipse duration declined from a maximum of 10.5 min at the peak of the outburst to 3.5 min later in the outburst. The eclipse depth increased from ~0.9 mag to 2.1 mag over the same period. Eclipses in quiescence were 2.7 min in duration and 2.8 mag deep.
Introduction
SDSS J150240.98+333423.9 (hereafter "SDSS 1502") was first identified spectroscopically as a dwarf nova in the Sloan Digital Sky Survey (SDSS) database [1] . A deep doubling of its Balmer emission lines suggested that it was a high inclination system with the likelihood of eclipses. Follow-up photometry confirmed the presence of 2.5 mag deep eclipses [1] . Subsequently the orbital period was measured as 0.05890961(5) d (~84.8 min) and the mass ratio, q, of the secondary to the white dwarf primary was determined as 0.109, with the white dwarf having a mass of about 0.82 solar masses [2] .
The orbital period places SDSS 1502 well below the so-called period gap in the distribution of orbital periods of dwarf novae, suggesting it was likely to be a member of the SU UMa family. [3] , supplemented with data from the authors. This shows that at quiescence the star varied between mag 17 and 17.5 with a mean of 17.2, although clearly there are excursions to fainter magnitudes which presumably coincide with eclipses. At least two outbursts are apparent: one detected by CRTS in March 2007 reaching mag 14 . 1 and a further one in July 2009 reaching mag 13.3. Time resolved photometry of the latter outburst is presented in this paper. It is interesting to note that CRTS did not cover this field during the July 2009 outburst, there being an observational gap between 2009 May 27 and July 31. Two further brightening events reaching mag 16.0 and 16.1 were detected, which may represent further outbursts. Other outbursts might have been missed due to incomplete observational coverage, so the 853 day interval between the two main outbursts may be much longer than the actual outburst period.
Outbursts of SDSS 1502

Photometry and analysis
The authors conducted photometry using the instrumentation shown in Table 1 and according to the observation log in Table 2 . Most of the data from the July 2009 outburst (Table 2(a)) were obtained at the observing stations of the Center for Backyard Astrophysics (CBA), a world-wide network of small telescopes. Data on eclipses at quiescence were obtained with the 1.3 m MDM telescope on Kitt Peak (Table 2(b)). Images were dark-subtracted and flat-fielded prior to being measured using differential aperture photometry relative to the sequence in AAVSO chart 1432hli [4] . Heliocentric corrections were applied to all data.
The July 2009 outburst
The outburst of SDSS 1502 discussed in this paper was detected by JS on 2009 July 9.949 at 13.7C (C, unfiltered CCD) [5] . The overall light curve of the outburst is shown in the top panel of Figure 2 . The apparent scatter in the magnitudes is of course mainly due to presence of the eclipses. SDSS 1502 was observed to be at its brightest on discovery night at 13.3C, representing an amplitude of 3.9 magnitudes above mean quiescence. Sixteen days later the star was almost back at quiescence; the beginning of the outburst is not well constrained since the observation prior to the detection was on July 3.942 (>16.7C), some 6 days earlier. Considering the average magnitude outside eclipses, the brightness showed an approximately linear decline at 0.25 mag/d, although there is some evidence that there was a steeper decline near the beginning of the outburst (JD 2455022 to 2455025), followed by a plateau (JD 2455026 to 24550228) then a faster decline towards quiescence.
In Figure 3 we plot expanded views of the time series photometry, having subtracted the linear trend, where each panel shows one day of data drawn to the same scale. This clearly shows recurrent eclipses superimposed on an underlying superhump modulation, each of which will be considered in more detail later. The presence of superhumps is diagnostic that SDSS 1502 is a member of the SU UMa family of dwarf novae making this the first confirmed superoutburst of the star.
Measurement of the orbital period
Times of minimum were measured for eclipses observed during the outburst using the 5-term Fourier fit in the Minima software package [6] . We supplemented these with times of minimum measured from quiescence photometry obtained using the 1.3 m MDM telescope on Kitt Peak. Table 3 lists the times of minimum, where the 104 observed eclipses are labelled with the corresponding orbit number starting from 0. The orbital period was then calculated from a linear fit to these times of minima as P orb = 0.05890946(5) d. The eclipse time of minimum ephemeris is:
The O-C (Observed -Calculated) residuals of the eclipse minima relative to this ephemeris are shown in Figure 4 . This suggests that the period remained constant during the period of observations. However, we note that there is considerable scatter in the O-C values which were measured during the 2009 outburst of up to 0.02 cycles (~1.7 min). This is due to the difficulty in isolating eclipse minima relative to other large-scale changes in the light curve in the form of the underlying superhumps and the fact that each eclipse was defined by rather few data points.
Our value of P orb is consistent at the 2-sigma level with the one reported in reference 2, which was derived from observations obtained over a shorter period of time.
Measurement of the superhump period
Analysis of the superhumps was complicated by the presence of the eclipses, which often distorted the shape of the superhumps. The peak-to-peak superhump amplitude was ~0.35 mag on the first night (JD 2455022), declining to ~0.2 mag on 2455026 and subsequently increasing again gradually until the final night of time series photometry (JD 2455038) when the amplitude was 0.2 mag.
To study the superhump behaviour, we first extracted the times of each sufficiently well-defined superhump maximum by fitting a quadratic function to the individual light curves. We omitted superhumps whose maxima coincided with eclipses. Times of 37 superhump maxima were found and are listed in Table 4 . An analysis of the times of maximum for cycles 0 to 55 (JD 2455022 to 2455026) allowed us to obtain the following linear superhump maximum ephemeris: This gives the mean superhump period for the first four days of the superoutburst P sh = 0.06028(19) d. The O-C residuals for the superhump maxima for the complete outburst relative to the ephemeris are shown in the bottom panel in Figure 2 . There is a suggestion that the superhump period remained constant during the first 4 days of the outburst and then gradually increased through the rest of the outburst. The data are also consistent with a period increase during the outburst with dP sh /dt = + 2.8(1.0) x 10 -4 .
To confirm our measurements of P sh , we carried out a period analysis of the data using the Date Compensated Discrete Fourier Transform (DCDFT) algorithm in Peranso [7] . To investigate the stability of the period, we divided the light curve into three sections and analysed each section separately. Figure 5 shows the power spectrum of the data from JD 2455022 to 2455025, which has its highest peaks at a period of 0.050891(13) d and 0.06024(15) d. The period error estimate is derived using the Schwarzenberg-Czerny method [8] . We interpret the shorter period signal as P orb and the longer one as P sh . Both values are consistent with our earlier measurements from the times of eclipse minima and superhump maxima. Removing P orb by pre-whitening gave the power spectrum in Figure 6 . In this case the strongest signal was at 0.06024(15) d (plus its 1, 2 and 3 c/d aliases), which had also been present in the original power spectrum as the strongest peak, and which corresponds to P sh . We performed a similar analysis for the remaining sections of the light curve, and for the combined outburst data, with the following results:
JD 2455022 to 2455025 P sh = 0.06024(15) d JD 2455026 to 2455029 P sh = 0.06029(12) d JD 2455030 to 2455038 P sh = 0.06098(28) d
Combined data P sh = 0.06042 (9) d These results are also consistent with an increase in P sh during the outburst.
The nature of the eclipses
One of the most interesting aspects of SDSS 1502 is its deep eclipses. We measured the eclipse duration as the full width at half minimum (FWHM; Table 3 ). Figure 7 shows that the eclipse duration was greatest at the peak of the outburst (10.5 min) and declined as the outburst progressed, with the final eclipses being about one-third the duration (3.5 min) of the first ones observed. This is a common feature of eclipses during dwarf nova outbursts and is due to the accretion disc being largest at the peak of the outburst and subsequently shrinking from the outside inwards as material drains from the disc as the outburst progresses [9] . We measured the eclipse duration at quiescence, when the accretion disc diameter is expected to be at a minimum, as 2.7 min (average of 5 quiescence eclipses on 2006 Apr 25). Figure 8 shows that there was also a trend of increasing eclipse depth during the outburst from ~0.9 mag near the beginning to ~2.1 mag towards the end (data are given in Table 3 ). During quiescence the eclipses were ~2.8 magnitudes deep. A cursory examination of the time series light curves presented in Figure 3 shows that the eclipse depth is also affected by the location of the superhump: in general eclipses are shallower when hump maximum coincides with eclipse. This is commonly observed in eclipsing SU UMa systems including DV UMa, IY UMa and SDSS J122740.82+513925.0 [9, 10, 11] where there is a relationship between eclipse depth and the precession period, P prec (i.e. the beat period of the superhump and orbital periods). However, we could find no such correlation in SDSS 1502, presumably because any variation in depth associated with the beat period would have been masked by the much larger increase in depth as the star faded.
According to the relation 1/P prec = 1 / P orb -1/ P sh , the precession period should be about 2.6 d, based on our measured values of P sh and P orb . However, we searched for such a signal corresponding to the precession period in the DCDFT power spectrum in the interval 1 to 5 d without success.
A typical example of a quiescence light curve is shown in Figure 9 where 6 eclipses 2.8 magnitude deep are present. Another prominent feature is an orbital hump which occurs just before each eclipse. Orbital humps are due to the presence of a "bright spot" which forms where the material flowing from the secondary star hits the edge of the accretion disc [12] . To study the eclipse profile in more detail, we took the flux intensity data from Figure 9 (rather than the magnitude data, as is standard practise when investigating deep eclipses) and folded it on P orb . This gave the average eclipse profile shown in Figure 10 , where we plot the mean value of bins containing five separate intensity measurements. The eclipse was not quite symmetrical.
Littlefair et al. [2] also found an asymmetric eclipse in SDSS 1502 and they used multicolour eclipse mapping and modelling to associate different parts of the eclipse profile with different parts of the system undergoing eclipse, including the white dwarf, the bright spot and the accretion disc. Unfortunately, the resolution of our data was not sufficient to identify with certainty the different parts of the system undergoing eclipse, although the rapid rise in brightness at the end of the eclipse, at a phase of 0.2, may due to the white dwarf coming out of eclipse.
Discussion
Taking our mean superhump period for the first four days of the superoutburst, P sh = 0.06028(19) d, and our measured orbital period, P orb = 0.05890946(5) d, we calculate the superhump period excess ε = 0.023(3). Such value is consistent with other SU UMa systems of similar orbital period [12] .
Patterson et al. [13] established an empirical relationship between ε and q, the secondary to primary mass ratio: ε = 0.18*q + 0.29*q 2 . This assumes a white dwarf of ~0.75 solar masses which is typical for SU UMa systems, but which is slightly smaller than the white dwarf in SDSS 1502. Taking q = 0.109 for SDSS 1502, this empirical relationship predicts ε = 0.023. Such value is the same as our measured value of ε, again confirming that SDSS 1502 is a typical SU UMa system.
Kato et al. [14] have studied the superhump period changes in a large numbers of SU UMa systems and in general find three distinct stages: an early evolutionary stage (A) with longer superhump period, a middle stage (B) for a large part of the outburst in which systems with P orb < 0.08 d have a positive period derivative, and a final stage (C) with a shorter P sh . In the case of the outburst of SDSS 1502, it is possible that we missed stage A. The bulk of our observations were probably from stage B and our positive superhump period is consistent with Kato et al.'s observations. Stage C usually occurs towards the end of the outburst, during which we were unable to measure the superhump period since the superhumps occurred too close to the eclipses during this phase. Although we reported a continuous period increase during the outburst (dP sh /dt = + 2.8(1.0) x 10 -4 ), close inspection of the trend in the O-C data in Figure 2 suggests that the situation may actually be more complex. From the beginning of the outburst to about JD 24455028 the period is generally increasing, but there then appears to be a period decrease between JD 24455028 and JD 24455030, following which it increases again. By comparing the O-C diagram with the light curve it is tempting to speculate that the changes in O-C may correspond to the inflexions in the light curve (such as the plateau between JD 2455026 to 24550228) mentioned in the section on the July 2009 Outburst. These inflexions may indicate that the accretion disc is not shrinking at a constant rate during the outburst, which may in turn affect the precession of the disc and hence the form of the O-C curve. The plot in Figure 7 suggests that there may be a discontinuity in the eclipse duration data between JD 2455028 and 2455030 which in turn could indicate a change in the rate of contraction of the disc. A similar possible discontinuity at about the same time can also be seen on the eclipse depth plot (Figure 8 ). Whilst these observations are intriguing, a link between them and the physical state of the accretion disc must remain speculation. Observations of future outbursts may reveal further information.
Conclusions
Analysis of the first confirmed superoutburst of SDSS 1502 during July 2009 has shown that it is a member of the SU UMa family of dwarf novae. The outburst amplitude was at least 3.9 magnitudes and it lasted at least 16 days. Analysis of eclipse times from outburst and quiescence yielded an orbital period of P orb = 0.05890946(5) d. Time-series photometry during the outburst revealed superhumps with a maximum peak-to-peak amplitude of 0.35 magnitudes. The mean superhump period during the first 4 days of the outburst was P sh = 0.06028(19) d, although the superhump period increased during the outburst with dP sh /dt = + 2.8(1.0) x 10 -4 . Based on the mean superhump period, the superhump period excess was ε = 0.023(3). The FWHM eclipse duration declined from a maximum of 10.5 min at the peak of the outburst to 3.5 min later in the outburst, indicating a shrinking accretion disc. The depth of the eclipses increased from ~0.9 mag near the beginning of the outburst to 2. 
